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@ Polyolefln films having improved barrier properties. 

@ The barrier properties of crystalline polyolefln film can be 
improved substantially by incorporating a precise amount of a 
partially incompatible into the polyoiefin. When the 

polyolefin is polypropylene or polybutylene, the wax is prefer- 
ably a paraffin wax. The precise amount of wax, which produces 
optimum improvement in barrier properties, lies in the range of 
about 3 to 10 percent based on tne weight of the polyoiefin. The 
range in which excellent results are obtained can be broadened 
by contacting the film with a cooling medium immediately after it 
is extruded. The film may be annealed to further improve the 
barrier properties. 
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Description 



This invention relates to extruded plastic films having a layer comprising a polyolefin. An important property 
of such films when they are used to package certain articles, especially food, is the ability of the film to act as a 
barrier to moisture, oxygen and aroma. This invention provides polyolefin films having improved barrier 
properties. 

In accordance with this invention, the barrier properties of an extruded plastic film having a layer comprising 
a crystalline polyolefin are substantially improved by adding to the polyolefin a certain amount of wax. The 
amount of wax added depends on the type of polyolefin and the rate at which the film is cooled but generally 
the amount is between about two and twelve percent, preferably between about three and ten percent by 
weight based on the weight of the polyolefin. When the water vapor transmission rate (WVTR) of the film is 
plotted against the concentration of wax in this range, the graph forms a concave curve having a low point or 
nadir In the range. Within the range the wax reduces the water vapor transmission rate at least four told, 
preferably at least ten fold, and at or near the low point, at least twenty fold. Referring to the wax concentration 
at the low point of WVTR as Cl, the wax concentration preferably ranges from Cl minus 3 to Cl plus 3. more 
preferably from Cl minus 2 to Cl plus 2. The WVTR of the films of this invention is preferably less than 0.2, more 
preferably less than 0.1, and most preferably less than 0.05 grams/100 square Inches/24 hours. 

Figure 1 is a graph showing the relationship between water vapor transmission rate and the concentration of 
paraffin wax in propylene homopolymerfllm (curve A) and ethylene-propylene copolymer film (curve B). 

Figure 2 is a graph showing the relationship between water vapor transmission rate, chill roll temperature, 
and the concentration of paraffin wax in polypropylene film. 

Crystalline polyolefins include polyethylene, isotactic polypropylene, polybutylene, poly-4-methylpentene-1, 
copolymers of propylene with up to 7 percent ethylene by weight, copolymers of butylene with up to 5 percent 
ethylene by weight, and copolymers of propylene and butylene. The degree of crystallinity of the polyolefin is 
preferably greater than about 25 percent, more preferably greater than about 30 percent. Polyolefins that are 
not crystalline include atactic polypropylene, polyisobutyiene, ethylene-propylene copolymer rubbers, and 
copolymers of an olefin with a polar monomer, such as ethylene -vinyl acetate copolymer. 

Even the most crystalline polyolefins have some amorphous regions. In the practice of this invention, it is 
believed that the wax is incompatible with the crystalline regions of the polyolefin and has limited compatibility 
with the amorphous regions. It is further believed that the wax crystallizes in the amorphous regions of the 
polyolefin, and that this phenomenon explains the significant improvement In barrier properties. 

The wax is preferably a hydrocarbon wax, which may be either a mineral wax or a synthetic wax. The type of 
wax depends on the type of polyolefin. When the polyolefin is polyethylene, the preferred wax is synthetic 
polypropylene wax, with polyethylene type waxes being unsuitable because they are compatible with 
crystalline polyethylene. When the polyolefin is a poly-alpha-olefin. the preferred wax is a polyethylene type 
wax, with synthetic polypropylene waxes being unsuitable because they are compatible with poly-alp ha-ole- 
fins. 

The polyethylene type wax preferably has an average chain length between about 22 and 65 carbon atoms, a 
molecular weight between about 300 and 800. and a melting point between about 125 and 190°F (52 and 88*>C). 
These waxes include paraffin waxes, microcrystalline waxes, and intermediate waxes. Most perferred are 
paraffin waxes, which typically have an average chain length between about 22 and 40 carbon atoms, a 
molecular weight between about 300 and 450, and a melting point between about 125 and 160°F (52 and 71 °C). 
The paraffin wax preferably consists of a mixture of normal and nonnormal paraffins, with the normal paraffin 
content preferably being from about 35 to 90 percent by weight. The paraffin wax preferably has a broad 
molecular weight distribution. For example, each fraction of chains containing a certain number of carbon 
atoms preferably represents less than 25 percent, more preferably less than 20 percent, of the wax. A paraffin 
wax having a broad molecular weight distribution provides better barrier properties than a paraffin wax having 
a narrow molecular weight distribution, which is believed to be due to the formation by the wax having the 
broad molecular weight distribution of crystallites that have a morphology that conforms better with the 
morphology of the amorphous regions of the polyolefin. Best results have been observed with a paraffin wax 
available commercially under the designation Chevron 143. It has a melting point of about 143°F (62*>C), an 
average chain length of 29 carbon atoms, an average molecular weight of about 417, a normal paraffin content 
of about 75 percent, and contains about 12 percent Cas fraction, 12 percent C29 fraction and 11 percent C30 
fraction (the three largest fractions in the wax). 

The amount of wax depends on the amorphousness of the polyolefin, which in turn depends on the type of 
polyolefin, the method of cooling the extruded film containing the polyolefin, and the thickness of the film. 
When the film is a single layer film of propylene homopolymer having a thickness between about one and two 
mils and the film is cast extruded onto a chill roll having a temperature of about 4°C (39°F), maximum 
improvement in moisture barrier is obtained when the polypropylene contains between about four and five 
percent wax, as shown by cun/e A in Figure 1 . When this amount of wax is exceeded, the excess wax adversely 
affects the moisture barrier property, which is believed to be due to the wax exceeding its limit of compatibility 
witn the amorphous region of the polypropylene. When the polyolefin is a copolymer of propylene and about 
five percent ethylene, and the film is extruded under the same conditions, maximum improvement in moisture 
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barrier is obtained when the amount of wax is about six percent, as shown by cun/e B in Figure 1. S W more 
wax is required because the copolymer is more amorphous than the homopo lymer^ Howeve the c^^^^^^ 
able to contain excess wax without as much adverse effect on moisture barner. which is believed to be due to 
the ability of the amorDhous region to absorb more of the excess wax. 

ThTlSperature of the chill roS affects the extent of the amorphous region of the polyolef ,n especiaHy nea 5 
the surface of the film contacting the chill roll. Decreasing the temperature of the chill roll has the effect of 
increasing the extent of the amorphous region, with the result that slightly more wax is required to achieve 
maximum improvement in moisture barrier, but excess wax has less adverse effect °''^°f^'^^^^^.^^ 
shown in Figure 2. Hence. In practicing this invention on a large scale, rt is desirable Vk j^il '^h" ,0 

order to broaden the tolerance specifications for the concentration of wax in the polyolefin The film may be 10 
cooled by contacting it with a cooling medium. For cast film the cooling medium is nomially a chill roll. For 
blown film, the cooling medium may be a fluid, such as water or forced air. Forced air may also be used on he 
other surface of cast film. The temperature of the cooling medium is preferably between about 0 and 25 C (3^ 

^Fo7conventional crystalline polyolefin films containing no wax. decreasing the temperature of the chill roll 15 
has the effect of making the moisture barrier worse, which is the opposite of the effect observed for most of 
the range of wax concentration within the scope of this invention. . -rv, ,«ow ho 

The tnm of this invention may be annealed to improve the barrier properties ^^^^'^^l^^'^^J'l 
annealed by heating it to an elevated temperature, preferably ranging from he melting point J^^x to a 
temperature about twenty degrees Celsius less than the softening point of the polyolefin and rap,d^ 
cooling the film, such as by quenching the film in water. This aspect of the invention is illustrated in Example 23^ 

When the proper amoun°of wax il added to the polyolefin. it has a very slight effect on the clan^ o he 
Dolvolefin layer. For example, when film of the ethylene-propylene copolymer referred to in Figure 1 contains 
S percent Siffin wax. it hak a haze value, measured in accordance v^th ASTM-D1003-82, of 14 compared to 
a hLe value of 8 for the corresponding film containing no wax. However, when the wax co^^^^^^^^ 
Increased to nine percent and twelve percent, the haze value is increased to 55 and 88. respectively by the 
excS wax The effect of the excess wax on the clarity of the film can be mitigated.by annealing the mm^For 
eSmple When the films containing the excess wax are heated to 20OOF (93»C) -^''y!:-^^''^^''^^'^^ 
values a e reduced to 13.5 and 18.5. respectively. The annealing also improves the WVTR o*. ^^e films 

The adverse effect of excess wax can also be mitigated by adding to the po yolefin a minor amount 
preferably less than twenty percent, more preferably less than twelve per cent of ^'r°;P'^^^^^^^^ 
Compatible with the wax. The amorphous polymer preferably has limited compatibilrty with the polyolefin. This 

^TtliTSridS^^^^^ tlr^SSJSJr^f the po^oiefin iayer c^stal.izes. '~ -or^^^^^^^^ 
each surface of the layer, which is where the wax Is believed to migrate. However the effect of the 's not a 
Surface effect because no wax is observed on the surface when the proper amount of wax is employed, and 
he moist!?e barker of the film is not adversely affected by creasing the '^-^■^-Jl^^^:^^^^^^:J^, 
wax is concentrated near each surface, with the interior of the polyolefin layer being more on'Stalhne because 
slower rate of cooling. Increasing the thickness of the film does not require a corresponding increase m 

^'ISgh tTaxle^sr^onSS? near the surface of the polyolefin layer, the film is p^jenj.y 
nreoarS by extruding a blend of the polyolefin and substantially all of the wax as a core layer in a coextruded 
SKv^n whe^ oni a single layerfilm Is desired. For example, if it is desired ^^-^^^l^^^^'ZlTZ^t 
Dolvpropylene containing three percent wax. the film is preferably prepared by coextrud.ng a core layer 
CSng nine percent'wax sandwiched between skin layers of P^'V^^^'^^^jT^f ^^^^^^^^ 
thickness of each layer being the same. This method of preparing the film also avoids P^°^^'T' f P'f^^ 
of the wax on the cNII roll, in order to equalize the viscosities of the ^° S 

preferably has a lower melt index than the polypropylene in the skin layers. AKhough the >^is in the core layer 
Stially. it migrates toward each surface as the core layer crystallizes. Hence, as "^ed ^.erem the temn 
-polyolefin layer" includes adjacent layers of crystalline polyolefins that are coextruded together 

?he fi ms Of this invention wherein the polyolefin Is a poly-alpha-olefin may be 
oriented to irflorove their properties. Biaxial orientation may be accomplished in accordance with conventional 

be used ks heat shrinkable films to package various articles, particularly food, to provide excellent barrier to 

""SiLSars 

a basis to detemiine the optimum amount of wax to add to the polyolefin layer ^'^^^^°^°l'^^.l^J'^^ 
substantially Improves other barrier properties, such as by lowering the oxygen ^^^^^^^^^^^^^ ^ 
Illustrated in Examples 4. 7 and 8, and by lowering the aroma transmission rate, as '^^''ff^J;'^^^^^;^ 
The wax reduces the OTR at least four fold, preferably at least ten fold, and reduces the aroma transmission 
raie at least two fold Dfeferablv at least four fold. 

Thf f im of^^^ may'be a single layer film or a ooextruded ^""^ -^r'" K ''"n^S 

layers of Ihe film. However, a polyolefin layer containing the wax {either initially or by migration) Preferably 
orms an Tuter surface of the cLxtruded film. The film may also be laminated to ^^^^^^^^^^^^^^^ 
polypropylene or paper or paperboard. such as by extrusion coating or by means of an adhesive. However, to 
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prevent migration of the wax to paper, the paper and the wax-containing polyoiefin layer are preferably 

separated by a barrier. 

The polyoiefin layer may contain minor amounts, preferably less than ten percent, of conventional polymer 
additives, including colorants, as illustrated in Example 20. However, the polyoiefin layer preferably comprises 
5 at least eighty percent of crystalline polyoiefin. When the polyoiefin is polyethylene, the amount of wax is 
preferably between about 3 and 12 percent. When the polyoiefin is propylene homopolymer, the amount of wax 
is preferably between abo'jt 2 and 7 percent. When the polyoiefin is a copolymer of propylene and ethylene, the 
amount of wax is preferably between about 3 and 9 percent. When the polyoiefin is poiybutylene, the amount of 
wax is preferably between about 3 and 10 percent. When the polyoiefin is a copolymer of butylene and 
70 ethylene, the amount of wax is preferably between about 3 and 12 percent The polyoiefin layer may comprise a 
biend of crystalline poly-alpha-oleflns. 

In the following examples WVTR was measured at 100°F (38°C) and 90 percent relative humidity In 
accordance with ASTM E96 and TAPPI Standard T464. All percentages are by weight. 

75 Comparative Example A and Examples 1-3 

Single layer films were prepared by extruding blends of poiybutylene (PB-0110) with various amounts of a 
paraffin wax available commercially under the designation Chevron 143. The films were cooled immediately 
after extrusion by contacting them with a chill roll having a temperature of 10°C (50°F). The WVTR of each film 
was measured. The results are shown in the Table. 

20 

Comparative Example B and Examples 4-8 

Examples A and 1-3 were repeated except polypropylene (Shell 5384) was substituted for the poiybutylene 
and the chill roll temperature was 4°C (39°F). The results are shown in the Table and in Figure 1 (curve A). In 
addition, the OTR of the films of Examples B, 4, 7 and 8 were measured at 72°F (22°C) and 45 percent relative 
25 humidity in accordance with ASTM-D3985-81. The respective values per mil of film thickness were 243, 8.2, 
1 1.5, and 85 cc/100 square inches/24 hours, A graph of these values plotted against wax concentration would 
form a concave curve having a low point at or near the same wax concentration as the low point for WVTR. 

Comparative Example C and Examples 9-15 

30 Examples B and 4-8 were repeated except a copolymer of propylene and about five percent ethylene 
(himont SD-062) was substituted for the polypropylene. The results are shown in the Table and in Figure 1 
(curve B). Figure 1 shows that the copolymer requires more wax than the homopolymer to achieve an optimum 
reduction in WVTR but excellent results are obtained over a broader range of wax concentration. In other 
words, the meniscus of the curve is shifted to the right and is broader. This is believed to be due to the fact that 

35 the copolymer has a higher proportion of amorphous phase. In addition, the aroma transmission rate of the 
films of Examples C and 12 were measured using a solution of one percent amyl acetate in propylene glycol as 
the aromatic substance. The aroma transmission rate of the film of Example 12 was 0.34 mg/100 square 
inches/24 hours compared to a rate of 1.7 for the film of Example C, a five fold reduction. 

40 Example 16 

Example 15 was repeated except the temperature of the chill roll was increased to 10°C. As shown in the 
Table, this increase in temperature resulted in a substantial increase in the WVTR. 

Example 17 

45 Example 1 6 was repeated except the blend contained ten percent by weight of a copolymer of ethylene and 
18 percent vinyl acetate. As shown in the Table, the WVTR was substantially reduced compared to the film of 
Example 16. The film was also much clearer. These results are believed to be due to absorption of excess wax 
by the ethylene-vinyl acetate copolymer. This example illustrates the use of an amorphous polymer to mitigate 
the adverse effect of excess wax on WVTR and clarity. 

50 

Example 18 

Example 12 was repeated except the temperature of the chill roll was 10°C and n-octacosane was employed 
as the wax. As shown in the Table, the WVTR was substantially Increased compared to the film of Example 12. 
While some of the increase is attributable to the higher temperature of the chill roll, more of the increase is 
55 believed to be attributable to the narrow molecular weight distribution of the wax. Although the wax employed 
in the previous examples has about the same average chain length as octacosane, it has a broader molecular 
weight distribution, which is believed to provide better moisture barrier by producing crystallites or platelets 
that form a better boundary layer in the amorphous regions of the polyoiefin. 

60 Comparative Example D and Example 19 

Machine glazed paper having a basis weight of 25 pounds was extrusion coated with high density 
polyethylene alone and with 6 percent by weight of a polypropylene wax having a molecular weight of about 
3000 (Hoechst-Celanese PP-230). The extrusion coatings were cooled immediately after extrusion by 
contacting them with a chill roll having a temperature of 25®C. As shown In the Table, the wax reduced the 

65 WVTR of the coated paper about 33 percent. It is believed that better results would be obtained using a 
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- 1 '^nnn anH a hiaher isotactic content., but such waxes 

polypropylene wax having a molecular weight 1^^^^^^^^^^ ^^^^ , 

are not presently available commercially. Nevertheless this exa^^^^ although better results have been 
invention Is applicable to polyethylene as well as poly-alpha-oierins, aiinouy 
obtained with poly-alpha-olefins. 

'lXle°i 1 was repeated except the blend contained ten percent f^f^^^^^^^^^^^^^ 
Table, the inorganic pigment did not have a substantial adverse effect on the WVTR of tiim. 

^E^pleVwas repeated exceptan,icroc^sta,,;new^ 

W-145) was substituted for the paraffin wax and the chill roll temperature was 10 o. ine res 
the Table. 

in the following table, the unit for gauge (thickness) is mil and the units tor wv i « a y 
inches/24 hours. 



Example 



A 

1 

2 

3 

B 

4 

5 

6 

7 

8 

C 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

D 

19 

20 

21 

22 



Polyolefin 
PB 



PP 



Wax 



coPP 



None 
30/0 

4.50/0 
60/0 

None 
30/0 
40/0 
50/0 
60/0 
90/0 

None 
30/0. 
40/0 
50/0 
60/0 
70/0 



coPP + EVA 

coPP 

PE 

M 

coPP+Ti02 
PP 



120/0 



60/0 
None 
60/0 
50/0 
60/0 



Temp. 


Gauge 


WVTR 


WVTR/mil 


10^ C 


1.5. 


0.62 


0.93 


» 


1.2 


0.06 


0.07 


n 


1.5 


O.03 


0.05 


I* 


1.3 


0.03 


0.04 


4*^0 


1.0 


0.66 


0.66 


» 


1.0 


0.10 


0.10 


u 


1.1 


0,02 


0.02 


1) 


1.2 


0.01 


0.01 




1.1 


0.03 


0.03 




1.0 


0.18 


0.18 




1.2 


0.51 


0.61 




1.2 


0.22 


0.26 


n 


1.3 


0.03 


0.04 


n 


1:3 


0.02 


0.03 


» 


1.2 


0.01 


0.01 


n 


1,2 


0.02 


0.02 




1.2 


0.05 


0.06 


n 


1.2 


0.10 


0.12 


10° c 


1.2 


0.34 


0.40 


8 


1.6 


0.08 


0.13 


» 


1.5 


0.16 


0.24 


25° C 


1.7 


0.27 


0.46 




1.4 


0.21 


0.29 


4''C 


1.4 


0.03 


0.04 


10^ C 


1.4 


0.11 


0.15 




1.3 


0.06 


0.09 



fflm was annsaled by Peing heated from ambient '^^f^^^^^S^'^l^; ^ ennlaled. The haze o( the 



invention. 



''ire\5tyerfilm was coextruded onto an oriented po 

layers of ethylene-methylacrylate copolymer and a core layer consisting Of a blend ot poiypropy 
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percent by weight of a paraffin wax. The laminate had a WVTR of about 0.15, Without the wax, the laminate 
would have a WVTR of about 0.35. This example illustrates the preparation of a laminate from a coextruded film 
prepared in accordance with this invention. 



Claims 

1. An extruded film having a layer comprising a crystalline polyolefin characterized by the improvement 
wherein the layer contains an amount of wax which substantially reduces the water vapor transmission 

10 rate of the layer. 

2. The extruded film of claim 1 characterized in that the wax is incompatible with the crystalline region of 
the polyolefin. 

3. The extruded film of claim 2 characterized in that the wax Is a hydrocarbon wax. 

4. The extruded film of claim 3 characterized in that the wax is a mineral wax or a synthetic wax. 

15 5, The extruded film of claim 4 characterized in that the polyolefin is polyethylene and the wax is a 

synthetic polypropylene wax. 

6. The extruded film of claim 5 characterized in that the amount of wax is between about 3 and 12 
percent based on the weight of the polyethylene. 

7. The extruded film of claim 1 characterized in that the amount of wax is between Cl minus 3 and Cl 
20 plus 3 percent based on the weight of the polyolefin. 

8. An extruded film having a layer comprising a crystalline poly-alpha-olefin, characterized by the 
improvement wherein the layer contains an amount of wax which substantially reduces the water vapor 
transmission rate of the layer. 

9. The extruded film of claim 8 characterized in that the wax is a polyethylene type wax. 
25 1 0. The extruded film of claim 9 characterized in that the wax is a paraffin wax. 

11. The extruded film of claim 10 characterized in that the wax reduces the water vapor transmission rate 
of the layer at least four fold. 

12. The extruded film of claim 10 characterized in that the wax reduces the oxygen transmission rate at 
least four fold, . 

30 13. The extruded film of claim 10 characterized in that the wax reduces the aroma transmission rate at 

least two fold, 

14. The extruded film of claim 1 1 characterized in that the polyolefin is propylene homopolymer and the 
amount of wax is between about 2 and 7 percent by weight. 

15. The extruded film of claim 11 characterized in that the polyolefin is a copolymer of propylene and up 
35 to 7 percent ethylene, and the amount of wax is between about 3 and 9 percent by weight. 

16. The extruded film of claim 11 characterized in that the polyolefin is butylene homopolymer and the 
amount of wax is between about 3 and 10 percent by weight 

17. The extruded film of claim 16 characterized in that the polyolefin is a copolymer of butylene and 
ethylene and the amount of wax is between about 3 and 12 percent. 

40 18. The extruded film of claim 1 1 characterized in that the film has been contacted with a cooling medium 

immediately after being extruded. 

19. The extruded film of claim 18 characterized in that the temperature of the cooling medium Is between 
about 0 and 25°C. 

20. The extruded film of claim 1 1 characterized in that the layer contains up to about 20 percent by weight 
45 of an amorphous polymer compatible with the wax. 

21. The extruded film of claim 1 1 characterized in that the film is oriented. 

22. The extruded film of claim 21 characterized in that the film is heat shrinkable. 

23. The extruded film of claim 1 1 characterized in that the film has been annealed. 

24. A method of making an extruded film having a layer comprising a crystalline polyolefin containing an 
SO amount of wax which substantially reduces the water vapor transmission rate of the layer, which method 

comprises extruding the film as a coextrusion comprising a core layer comprising a crystalline polyolefin 
and substantially all of the wax. the core layer being sandwiched between layers of crystalline polyolefin 
containing substantially no wax. 

55 
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@ Polyolefin films having improved barrier properties. 



® The barrier properties of crystalline polyolefin 
film can be Improved substantially by incorporating a 
precise amount of a partially incompatible wax into 
the polyolefin. When the polyolefin is polypropylene 
or polybutylene, the wax is preferably a paraffin wax. 
The precise amount of wax, which produces opti- 
mum improvement in barrier properties, lies in the 
range of about 3 to 10 percent based on the weight 
of the polyolefin. The range in which excellent re- 
^ suits are obtained can be broadened by contacting 
^ the film with a cooling medium Immediately after it is 
extruded. The film may be annealed to further im- 
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